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TITLE: CEMENT FORMULATION 

TECHNICAL HELD 

The present invention relates to a cement formulation and a method of reducing 
respirable size silica particles in cementitious shaped articles and the propensity of 

5 such articles' to liberate airborne respirable silica. The invention relates to all 
cementitious articles. 
BACKGROUND ART 

The inhalation of dust as a primary cause of puhnonary disease has been a 
problem m the rainmg industry since antiquity. The problems were first termed 

10 pneumonokoniosis, but the generic term has smce been shortened to pneumoconiosis. 
The word implied that the lung had been seriously damaged by dust, but the meaning 
has been broadened to include all pulmonary manifestation of dust inhalation. The 
result of pneumoconiosis is to harden the linings of the lung by creating fibrous 
growths that make the lung effectively inoperative. Cures are impossible, so 

1 5 prevention is the goal of modotn industry. 

One of the most important forms of pneumoconiosis is silicosis. The cause of 
silicosis is prunarily inhaled particles of crystallme siUcon dioxide or silica (SiOj), 
most commonly quartz which is a ubiquitous mineral m nature. Quartz is considered 
to be chemically inert, reactive only in hydrofluoric and phosphoric acids and strongly 

20 basic solutions, but it does react in the lung linings to initiate fibrous tissue growth for 
unknown reasons. Whether the quartz acts as an irritant, a nucleation site, or is 
involved in the chemical reactions is not clear. In addition to the supply of personal 
protective equipment, one technique for prevention of silicosis is to clean up the 
atmosphere that workers might inhale. Early prevention procedures in "hard rock" 

25 mining were to shift from drUling dry to drUUng with water flushing the cuttings away 
from the working face. 

Modem practices in mines and industrial plants include directing the affected 
atmosphere away from the working and into collector systems that remove the 
respirable particle component before the atmosphere is techxjulated. Because of the 

30 perceived health hazard ofcertain crystalline fonmsofsilica in the mdustrial 
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environmoit, many governments around the world require monitoring the presence of 
silica forms in the workplace atmospheres and marketed products. The atmosphere 
and personnel are regularly monitored by sampling devices that can accumulate the 
particulate matter in a quantitative feshion for subsequent laboraloiy analysis. 

5 However, the samples present the analytical laboratory with several challenges, 
namely the detection of the silica minerals in the sample, the quantification of the 
amoimt of crystalline silica in the sample. 

Respirable silica not only arises from production processes but may also arise 
from use of certain articles. Conventional autoclaved fibre reinforced cement articles 

10 for instance are formulated from a mixture of reinforcement fibre, cementitious 
material such as ordinary Portland cement, fine quartz, watar and other minor 
additives such as pigments and process aids. TTie fibre component is added to make 
the article strong and ductile and is typically refined Kraft cellulose fibre. The fine 
quartz is typically prepared from normal crystalline silica in the form of sand by wet 

15 grinding. 

The typical particle size distribution of ground silica sand, which is normally 
just called "sUica", when taken to the economically practical limit of wet grinding is: 



PARTICLE SIZE RANGE 


TYPICAL PROPORTION OF GROUND 
SILICA IN SIZE RANGE 


< 1 miCTons 


3% 


< 2 microns 


10% 


< 10 microns 


33% 


< 20 microns 


48% 


< 100 microns 


95% 



20 



The particle size distribution of tiie sUica is similar to that of ordinary Portland 
cement, approximately half by mass of the particles in both materials are coarse and 
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greater than 20 microns in size and approximately half of Ae particles are fine and less 
than 20 microns in size. 

High pressure steam autoclaving of such a mixture causes a calcium silicate 
hydrate (CSH) matrix to be formed, the cement providing tiie source of calcium 
5 (CaO), the fine quartz providing the main source of slightly soluble silica {SiOj) and 
the water providing the hydrate (HjO). The CSH matrix is the binder which sets 
around the fibre and unreacted silica to form fibre cement articles such as buUding 
boards. Research has indicated that in such a matrix, the surface of the silica particles 
is rekcted to a depth of approximately 2 microns when the formulation is subjected to 
10 the conventional 8 hour high pressure HCC steam autoclave cycle. The depth of the 
corresponding CSH skm formed around the siKca particles will exceed 2 microns. 

Airborne respirable dust is defined by either the ACGIH-ISO-CEN curve 
(American standard) and/or the BMRC curve (UK/European standard). The generally 
accepted OSHA occupational exposure standard in the US for airborne respirable 
15 quartz over an 8 hour work day is 0.1 mg/ra' of air (TLV). Conventional fibre 
reinforced cemeatitious building boards may contain up to 18% of resphable size 
silica particles after autoclaving. US regulations require that any product containing 
more than 0.1 wt % of quartz, cristobalite or tridymite (forms of silica) must be 
labelled as a potential hazard. Respirable silica may be liberated from conventional 
20 building boards for example when they are cut in a dry state using power tools like 
Sanders and circular saws. Such cutting may also increase die liberation quantity of 
airborne respirable silica from the cementitious article. To explain, ti»e saw blade may 
in some circumstances grind tiie larger silica particles to a size tiiat faUs within tiie 

airborne respirable range. 

25 Previous attempts to reduce the respirable silica levels in cement articles have 

involved reacting stoichiometric quantities of cement (or otiier cementitious material) 
wittj extremely fine ground, or colloidal, or amorphous sUica to form a matrix to bind 
die reinforcing fibres. Articles manufactiired from such formulations can be made to 
have low respirable quartz contents, but tiiey also have excessive hygroscopic 

30 shrinkage and carbonation shrinkage. Such articles also have inadequate strengtii 
properties for a given material density compared to those formed from conventional 
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formulations. In service such articles are very brittle and tend to crack and split easily 
because the drying shrinkage and the carbonation shrinkage generated stresses m the 
material exceed its stress carrying capacity. 

The present invention seeks to overcome at least some of the disadvantages of 
5 the prior ait or provide a commercial alternative thereto. 
DISCLOSURE OF THE INVENTION 

According to a first aspect, the present invention provides a formulation for 
producing a shaped cementitious article having a reduced respirable size silica particle 
content, said formulation comprising a cementitious material, a siliceous material and 
10 a low bulk density modifier in a quantity sufficient to provide a density of the resultant 
cementitious article of lower than 1 .2 g/cm^. 

Acconiing to a second aspect, the present invention provides a formulation for 
producing a shaped cementitious article having a low propensity to release airborne 
respirable silica, said formulation comprising a cementitious material, a siliceous 
15 material and a low bulk density modifier in a quantity sufficient to provide a density 
of the resultant cementitious article of lower than 1 .2 g/cm^. 

As discussed above, it is generally accepted tiiat respirable silica includes 
particles smaller than approximately 5 microns. Cementitious articles may already 
contain unreacted silica which fells witiiin tiiis respirable range. This is termed 
20 respirable size silica particles. Additionally, silica particles which are larger tiian 5 
microns may be reduced to the respirable range during cutting or grinding to form 
airborne respirable siUca particles. The ^Ucant believes that the present inventive 
formulation not only reduces the quantity of respirable size siUca particles in the 
cementitious article but reduces the propensity for airborne respirable silica to be 
25 formed or liberated during use, cutting, grinding etc of the cementitious article. 

The person skilled in the art will be aware of appropriate low bulk density 
modifiers for shaped cementitious articles. They include materials such as fly ash, 
hollow fly ash. hollow ceramic spheres, perlite, vermiculite, polystyrene, fly ash, 
hollow fly ash, hollow ceramic spheres and chemical or mechanical gas entrainment. 
30 Preferably, however, the low bulk density material is made up of particles being 

substantially calcium silicate hydrate, typically in the form of a 3-D interiocking 
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Structure and is resistant to crushing in subsequent processing. In other preferred 
forms, mixtures of calcium silicate hydrate and any other low bulk density mataial 
may be used. 

According to a third aspect, the present invention provides a formulation for 
5 producing a shaped cementitious article having a reduced respirable size silica particle 
content, said formulation comprising a cementitious material, a siliceous material and 
a low bulk density material being substantially calcium siUcate hydrate. 

According to a fourth aspect, the present invention provides a formulation for 
producing a shaped cementitious article havmg a low propensity to release airborne 
1 0 respirable silica, said formulation comprising a cementitious material, a siliceous 
material and a low bulk density material being substantially calcium siUcate hydrate. 

Preferably, the low bulk density material has a bulk density of between 0.06 and 
0.6 g/cm^ The low bulk density material may be provided by reacting a siUceous 
reaetant with a calcareous reactant in the presence of water under pressure and 
15 elevated temperature. More preferably, at least 90 wt % of the siliceous reactant has a 
particle size of less than 100 microns. 

The applicant has found that the shaped article produced from the 
abovementioned formulation produces less respirable quartz when cut or ground as 
compared with conventional cementitious articles. It is not entirely understood by the 
20 applicant why the reduction in respirable silica occurs. Not wishing to be bound by 
any particular theory, the applicant has hypothesised several reasons for this 

phenomenon, namely: 

a) the cement formulation is of a low density type. The unreacted silica in 
the cement formulation, however, is of a relatively high density. When struck witii a 

25 saw or grinder, therefore, the unreacted silica particle is either embedded into the low 
density cement or removed as a whole piece from the article. The unreacted silica 
particles are not ground by tiie cutting or grinding means. The cutting action is a tine 
cutting action. The blade slices between the unreacted silica particles and tiie 
remaining cement rather than grinding through the silica particles. The removed silica 

30 particles are quite large and do not fall within the "respirable" range. 
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b) cementitious articles produced from the prefened formulation provide less 
surface area cut for release of the aiibome respirable silica. To explain, 
conventional cementitious articles with higher densities eg 1.4 g/cm^ and above, tend 
to break and provide a jagged rough edge when cut. A cementitious article formed 

5 from the formulation defmed in any of the first through fourth aspects, however, 
provides a smooth edge when cut. This in turn reduces the available surface area for 
liberation of the airborne respirable silica and accordingly less airbome respirable 
silica is released. 

c) the quantity of prereacted calcium silicate hydrate in the formulation 
10 reduces the quantity of unreacted silica which may form respirable silica, 

d) since a substantial portion of the calcium silicate hydrate is already 
provided as a prereacted product, there is a reduction in the quantity of siUceous 
material which undergoes a reaction with the cementitious material to fonn the CSH 
matrix. As mentioned above, the CSH reaction may reduce the size of the siUca 

15 particles rendering them potentially "respirable". Less reacted silica particles mean 

less potential "respirable" silica. 

In its preferred form, the low bulk density material, which is substantialty CSH, 

also has a substantially spherical shape. The outer skin is calcium silicate hydrate. 

The inner portion may include unreacted silica if, as is preferred, the reaction to form 
20 CSH is terminated prior to complete conversion. The CSH skin is, itself, more 

resilient than the hard unreacted sDica particles. Accordingly, the CSH skin may 

provide some protection to the unreacted silica core in addition to "enlarging" the 

particle such that it fells outside the respirable range. 

In addition, the applicant believes the spherical shape of the CSH particle may 
25 result in the CSH particle not "keying" into and the surrounding cement as well as to 

the rough jagged silica crystal. Accordingly, in addition to the unreacted silica 

particles themselves being cut or cleaved from the surrounding cement, the CSH 

particles with unreacted silica core may also be removed from the surrounding cement 

rather than ground av*ray by the saw blade. 
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It is also possible usii^ prereacted CSH particles rather tfian forming CSH in 
situ as in convaitional techniques that the size of the CSH particles can be better 
controlled to avoid formation in the respirable range. 

Lastly, the applicant also believes Uiat the use of low density modifi«s provide 

5 localised low density areas. When these are impacted by the cutting tooth blades, the 
board or article tends to fracture at the weakest point ie the localised area of low 
density thereby creating larger chips reducing the amount of respirable silica formed. 
Sudi localised areas of low density also assist in crack propagation improving the 
cutting action of the toothed blade saw. 

10 In a fifth aspect, the present invention provides a method for producing a 

cementitious article having a reduced respirable size silica particle content, said 
method comprising preparing an aqueous slurry with a cementitious material, a 
siliceous material and a low bulk density modifier in a quantity sufBcient to provide 
the resultant article witfi a density lower tiwn 1 .2 g/cm\ forming a green shaped article 

1 5 and curing the green shaped article. 

In a sixth aspect, the present invention provides a metiiod for producing a 
cementitious article having a low propensity to release airborne respirable silica, said 
method comprising preparing an aqueous simry witii a cementitious material, a 
siliceous material and a low bulk density modifier in a quantity sufficient to provide 

20 tiie resultant article witii a density lower tiian 1 .2 g/cm\ forming a green shaped article 
and curing the green shaped article. 

In a seventii aspect, tiie present invention provides a metiiod of producing a 
cementitious article having a reduced respirable size silica particle content comprising 
preparing an aqueous slurry of a cementitious material, a siliceous material and a low 

25 bulk density material which is substantially calchim silicate hydrate, forming a green 
shaped article and curing the green shaped article. 

In an eightii aspect, tiie present invention provides a method of producing a 
cementitious article havmg a low propensity to release airborne respirable siUca 
comprising preparing an aqueous slurry of a cementitious material, a siUceous material 

30 and a low bulk density material which is substantially calcium siUcate hydrate, 
forming a green shaped article and curing the green sh^ed article. 
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The green shaped article may be formed by any one of the following methods: 
use of a filter press (dewatering); the Hatschdc method; the Magnani method; the 
Fourdrenier method; use of a formmg press; strip forming or the like. It wUl be 
appreciated that in the event that the green shaped article is formed by way of an 
5 extrusion process then the aqueous slurry used will have a lower water content than 
those used in other forming operations. Indeed, it may have a paste like consistency. 

The applicant has found that it is possible to provide a low bulk density material 
which is substantially composed of calcium silicate hydrate for use in a building 
product without it being necessary to ensure foil conversion of the reactants to calcium 
iO silicate hydrate. In a preferred embodiment, this reaction is terminated prior to 
complete conversion of the reactants to calcium silicate hydrate. Preferably the 
reaction is terminated at less than 4 hours. More preferably, the reaction is conducted 
over a period of up to 2 hours such that at least 80% of the calcareous reactant material 
is converted into calcium silicate hydrate (preferably as determined ftom DTA 
1 5 (differential thermal analysis)/TGA (thermogravimetric analysis)). 

The product resulting from this reaction can be used to produce cementitious 
products resulting in densities of 1 .2 g/cm' to 0.5 g/cm^ and if combined with aeration 
of the slurry, the density may be even lower. 

The siliceous reactant material may be obtained in the correct particle 
20 size or ahemativcly ground by any appropriate method including a high impact type 
baU or rod mills, vertical stirred ball mill or attrition mill. Such mills obtain high 
particle size reduction rates by impact fracture of particles. The sUiceous reactant 
material preferably has particle size of 90 wt % less than about 100 micron more 
preferably less than 70 micron and most preferably less than 50 micron diameter (as 
25 measured on a laser diftiaction particle size analyser such as a Malvern Mastersizer 
diffraction type particle size analyser). 

Suitable sUiceous reactant materials are crystalline, most preferably such as 
quartz, quartzite sand, quartzite rock or crystalline silica. Amorphous siliceous 
reactant materials can also be used but are less desirable. Typical amorphous siliceous 
30 materials include diatomaceous earth, silica fome, rice huU ash, fly ash, blast furnace 
slag, granulated slag, steel slag, crystalline or air cooled slag, geothermal siUca and 
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mixtures thereof. The sUiceous material added to the formulation and that used in the 
reaction to form the low bulk density material may be the same or different 

The silica particle size may be adjusted if desired to alter reaction rates for 
forming the substantially calcium silicate hydrate product. Other process parameters 
or additives may be altered to adjust the various properties of the resultant building 
product including density, toughness etc. 

Suitable calcareous materials include lime particularly quick lime. Quick 
lime can be hydrated by slaking it in water, preferably at a temperature of 40» greater 
than in a ratio of I to 7 litres of water per kilogram of lime. 

Water in fte reaction is typicaUy present in an amount to up to 30 times the 
total weight of the siliceous and calcareous reactant materials. 

Suitably the siliceous material and calcareous material are reacted at a 
temperature between 120°C and 250'>C. more preferably at a temperature of between 
160Xandl80'*C. 

15 Preferably the siliceous and calcareous materials are reacted in a stirred 

pressure vessel. Suitable pressures used are typically between 200 and 4000 kPa, 
more preferably between 600 and 1 000 kPa. 

Typically, the calcareous material and siliceous material are reacted in a 
molar iBtioofCaO:Si02 of from 0.1 up to 1.2. More preferably they are reacted in a 

20 ratio of 0.3-0.8. 

Throughout this specification, unless indicated otherwise where there is 
reference to wt %, all values are with respect to the formulation on a dry ingredients 
weight basis prior to addition of water and processing. 

The siUceous material is preferably present in the dry fonnulation in an 
25 amountoffrom lOto 80 wt%, more preferably 30 to 70 wt%. most preferably 40 to 
65 wt %. Preferably the siliceous material is ground sand (silica) or fine quartz and 
has an average particle size of 1 to 500 microns, more preferably 20 to 70 microns. 

The cementitious material is preferably present in the dry formulation in an 
amount of from 10 to 80 wt %, more preferably 20 to 70 wt %. most preferably 30 to 
30 40 wt %. Suitable cementitious material is cement and/or lime and/or lime containing 
material and includes Portland cement, hydrated lime, lime or mixtures thereof. 
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Preferably the cementitious material has a fineness index of 200 to 450m^/kg and 
more preferably 300 to 400m^/kg. 

It will be appreciated that the siliceous material and cementitious material 
may originate from separate source materials eg silica and Portland cement or can 
5 originate from a single source material eg a blended cement which is a cement 
including ordinary Portland cement and/or off-white cement with one or a 
combination of limestone, granulated slag and condensed silica fume. The proportion 
of these additions is in excess of 5% by mass. 

Similarly, the siUceous reactant material and calcareous reactant material can 
10 be provided from separate sources eg sUica and limestone or from a single source 
material eg a siliceous limestone deposit 

The low bulk density calcium silicate hydrate of the mvention is preferably 
added in an amount of up to 80 wt %. more preferably up to 50% of the dry 
formulation. 

15 The cementitious product can include a fibrous material capable of producing 

a fibre reinforced product. Suitable fibrous materials can include asbestos however it 
is more preferable to use non-asbestos fibres including cellulose such as softwood and 
hardwood cellulose fibres, non wood cellulose fibres, mineral wool, steel fibres, 
synthetic polymer fibres such as polyamides, polyesters, polypropylene. 

20 polymethylpentene. polyacrylonitrile, polyaciylamide. viscose, nylon. PVC, PVA. 
rayon, and glass, ceramic or carbon. When ceUulose fibres are used, fliey are 
prefembly refined to a degree of freeness of between 20 and 800 Canadian Standard 
Freeness (CSF), more preferably 200 to 500 CSF. Thermomechanically or chemically 
refined fibres are preferred. Cellulose fibres produced by the Kraft process are 

25 suitable. The cellulose fibres may be bleached, unbleached, partially bleached or 
mixtures thereof The fibrous materials may be present in a concentration of 0 to 25 
wt %, preferably 2 to 16 wt %, more preferably 5 to 14 wt % based on the weight of 

the dry formulation. 

The cementitious product may also contain 0 to 40 wt % of other additives such 
30 as fillers, for example, mineral oxides, hydroxides and clays, metal oxides and 
hydroxides, fire retardants. for example, magnesite or dolomite, thickeneis, siUca 
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fume or amoiphous silica, colorants, pigments, water sealing agents, water reducing 
agents, setting rate modifiers, hardeners, filtering aids, plasticisers. dispersants, 
foaming agents or flocculating agents, water-proofing agents, density modifiers or 
other processing aids. Specific additives can include aluminium powder, kaolin, mica, 

5 metakaolin, silica fume and calcium carbonate. 

Unless the context clearly requires otherwise, throughout the description and 
the claims, the words 'comprise', 'comprising', and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say. in the 
sense of "including, but not limited to". 

10 In order that the nature of the present invention may be more clearly understood, 

it will now be described with reference to the following examples. 
EXAMPLE 1 

Tests were carried out to determine dust generation arising fiiom cutting a sheet 
of fibre reinforced cement of the low rcspirable silica fomiulation. Monitoring 
15 equipment for respirable dust was worn by the saw operator. In between tests, the 
work area was cleaned by vacuum and airbome dust cleared by opening all doors and 
using a large fan. In all but one test, dust extraction was attached to the saw and 
multiple cuts were carried out on single sheets. A final test using three stacked sheets 
was also carried out. 

20 Analysis of the respirable dust filters by both infrared spectroscopy and X-ray 

dif&actometry indicated only low quartz concentrations in the respirable dust. In fact, 
only one sample had a measurable amount of quartz present (0.02 milUgrams by 
XRD). This equates to about 1% respirable quartz in the dust, a relatively low level. 
Other filters had insufficient dust for detection of the small amount of quartz present 

25 The results of these tests confirmed that the low respirable silica cement 

formulation and articles thus produced result in a very low respirable silica content of 
the dust cloud. Indeed, most of the samples did not have a sufBcient quantity of 
respirable silica. The only sample with detectable respirable silica produced a content 
of 1.2% of the respirable dust cloud. In other words, for a normal cutting action^ a 

30 dust cloud of 5 mg/m' would still only generate 0.05 mg/m' of respirable siUca which 
is well within the current accepted permissible exposure levels. 
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EXAMPLE2 

Two samples each of the inventive low density formulation (density = 0.83 
g/cm^) were compared with a conventional product (density = 1.3 g/cm^) as a control. 
Details of each are given in Table I . 

TABLE 1 



COMPOMENT 


LOW DENSITY 


CONTROL 


Cellulose pulp 


11% 


8% 


Cemrat/Sand 


70% 


88% 


Calcium silicate 


17% 


nU 


Other 


2% 


4% 



10 



IS 



Equal volumes of the low density product and control were removed by cutting, 
and dust samples were collected by vacuum extraction through a wet filter paper 
affixed to the rear of the saw assembly. The saw used was a circular saw with an 80 
tooth 300 mm tungsten carbide tipped saw blade. 

The dust samples were weighed. They were then digested in IM HCl to remove 
hydrated silicates, and then fiirther digested in 1 M NaOH to remove organic material, 
including pulp. The samples were then ignited at 1000«C to leave only a quartz 
residue. The quartz residue mass was measured. The sample was then dispersed in 
water and the particle size distribution was measured using laser Ught scattering 
(Malvern Mastersizer-X). The volume percentage less than 4.8 microns was 

measured. 

Results are shown in Table 2. 

TABLE 2 



MEASURED PROPERTY 


LOW DENSITY 
SAMPLE 


CONTROL 


Mass of dust collected 


1.83 mg, 1.53 mg 


2.53 mg, 2.50 mg 


% of Quartz in dust sample 


22.2%, 19.8% 


1 39.8%, 39.7% 



wo 00/21901 



PCT/AU99/00875 



13 



Mass of quartz in dust 
sample 


408 mg, 402 mg 


1009 mg, 995 mg 


% of Respirable quartz of 
total dust sample (mean 
values) 


1.35% 


3.43% 


% of Respirable quartz of 
total quartz (mean values) 
(<5 microns Volume 
average) 


O.Joyo 


8.61% 


Mass of respirable quartz 
(mean values) (<5 microns 
volume average) 


22.6% 


86.3% 



10 



IS m 



It can be seen from these results that from the same volume of cut in the control 
material significantly less dust was collected than from the low density product (a 

33% reduction in dust). 

Further, the dust from the low density product contained less quartz (21% for 
low density versus 39.8% for control - a 47% decrease in total quartz). 

The quartz from the low density product contained less respirable quartz (6.38% 
for low density versus 8.61% for control), and accordingly the dust from the low 
density product contained less respirable quartz (1.35% for low density versus 3.43% 

for control). 

EXAMPLE 3 

An automatic device was built and put into service to evaluate the dust levels 
generated in the cutting of fibre cement planks of low respirable silica formulation, 
•nds device was also designed to replicate the same cutting motions used by installers 
the cutting of fibre cement products. As a control, regular density (density =1.3 



20 



g/cm3 ) fibre cement material was also tested. Two types of circular saws were used, 
one with a direct drive between the motor and the blade the other with a worm drive. 
Both saws were fitted with a conventional toothed poly-crystaUine diamond blade. A 
room was built to totally enclose the cutting portion of the saw rig approximately 20 
cubic metres. Twent)' five cuts were made on 8mm x 210mm fibre cement product 
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stacked 4 high. Therefore, 100 boards in total were cut. TTie cutting interval was 30 
seconds (from the time the boards were cut until the start of the next cut). Dust 
samples were collected using a 10mm nylon cyclone at a flowrate of 1.7 1/min. These 
samples were collected for the entire time of the cutting period. Upon completion of 

5 the last cycle a period of 2.5 minutes was allowed to elapse before the pumps were 
shut-off, the samples removed, and the chamber evacuated. These samples were then 
sent to an accredited laboratory and analysed using X-ray diffractometry. 

The results of these tests confirm that the low respirable cement formulation 
article produced considerably less respurable silica than that of the regular density 

,0 product. The average of respirable siUca collected on the filter at the completion of 
testing drops from 6.45% for regular density material to 0.5% for low respirable 
cement formulation usmg the worm drive saw. Similar results were found using the 
direct drive saw where there was a drop from 6.97% for regular density to 0.57% for 
low respirable cement formulation. In both cases this represents a reduction of more 

15 than 12 times. 

It wiU be understood that the present invention may be embodied in other forms 
without departing from the spirit or scope of the inventive idea as described herein. 
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CLAIMS 

1 . A formulation for producing a sliaped cementitious article having a reduced 
respiiable size silica particle content, said formulation comprising a 

5 cementitious material, a siliceous material and a low bulk density modifier in a 

quantity sufficient to provide a density of the resultant cementitious article of 

lower than 1 .2 g/cm^. 

2. A formulation according to Claim 1 wherein the article has a density between 

1.2 and 0.5 g/cm^ 

10 3. A formulation according to Clahn lor Claim 2 wherein the low bulk density 
modifier is substantiaUy pre-reacted calcium silicate hydrate. 

4. A formulation according to any one of Claims 1 to 3 wherein the low bulk 
density modifier has a bulk density between 0.06 and 0.6 g/cm . 

5. A formulation according to any one of Claims 1 to 4 wherein the low bulk 
15 density modifia is produced by reacting siliceous material with calcareous 

material in a ratio between 0.1 and 1.2. 

6. A formulation according to Claim 6 wherein tiie ratio of calcareous material to 
siliceous material is between 0.3 and 0.8. 

7. A formulation according to Claim 5 or Claim 6 wherein the reaction between the 
20 calcareous material and siliceous material is terminated prior to complete 

conversion of tiie reactants to calcium silicate hydrate. 

8. A formulation according to any one of Claims 5 to 7 wherein the reaction is 
conducted over a period of up to four hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

25 9. A formulation according to any one of Claims 5 to 8 wherein the reaction is 

conducted over a period of up to two hours such as at least 80% of the 
calcareous reactant material is converted to calcium siUcate hydrate, 
10. A formulation according to any one of the preceding claims wherein tiie low 
density modifier includes one or more modifiers from the group consisting of fly 
30 ash, hoUow fly ash, hollow ceramic spheres, perlite, vermiculite, polystyrene 

and chemical or mechanical gas entrainment. 
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11. A fomulalion according to any one of the preceding claims v^erein between 1 0 
and 80% of siliceous material is included in the cementitious article. 

12. A formulation according to any one of the preceding claims wherein between 40 
and 65% of siliceous material is included in the cementitious article. 

5 13. A formulation according to any one of the preceding claims wherein between 10 
and 80% of cementitious material is included in the cementitious article. 

14. A formulation according to any one of the preceding claims wherein between 30 
and 40% of cementitious material is included m the cementitious article. 

15. A formulation according to any one of the preceding claims wherein up to 80% 
10 of low bulk density modifier is included in the cementitious article. 

16. A formulation according to any one of the preceding claims wherein up to 50% 
of low bulk density modifier is included in the canentitious article. 

17. A formulation according to any one of the preceding claims wherein 
cementitious article includes fibrous material capable of producing a fibre 

15 reinforced product. 

18. A formulation for producing a shaped cementitious article having a low 
propensity to release airborne respirable silica, said formulation comprising a 
cementitious material, a siliceous material and a low bulk density modifier in a 
quantity sufficient to provide a density of the resultant cementitious article of 

20 lower than 1.2 g/cm^. 

19. A formulation according to Clafan 18 wherein the article has a density between 

12 and 0.5 g/cm\ 

20. A formulation according to Claim 18 or Claim 19 wherein the low bulk density 
modifier is substantially pre-reacted calcium silicate hydrate. 

25 21. A formulation according to any one of Claims 18 to 20 wherein the low bulk 
density modifier has a bulk density between 0.06 and 0.6 g/cm^ 
22. A formulation according to any one of Claims 1 8 to 21 wherein the low bulk 
density modifier is produced by reacting siUceous material with calcareous 

material in a ratio between 0.1 and 1.2. 
30 23. A formulation according to Claim 22 wherein the ratio ofcalcareous material to 

siliceous material is between 0.3 and 0.8. 
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24. A formulation according to Claim 22 or Claim 23 wherein the reaction between 
the calcareous material and siliceous material is terminated prior to complete 
conversion of the reactants to calcium silicate hydrate. 

25. A formulation according to any one of Claims 22 to 24 wherein the reaction is 
5 conducted over a period of up to four hours such as at least 80% of the 

calcareous reactant material is converted to calcium silicate hydrate. 

26. A formulation according to any one of Claims 22 to 25 wherein the reaction is 
conducted over a period of up to two hours such as at least 80% of the 
calcareous reactant material is converted to calcium sUicate hydrate. 

10 27. AformulationaccordingtoanyoneofClaimsl8to26whereinthelowdensity 
modifier includes one or more modifiers selected from the group consisting of 
fly ash, hollow fly ash, hollow ceramic spheres, perHte, vermicuUte, polystyrene 
and chemical or mechanical gas entrainment. 

28. A formulation according to any one of Claims 18 to 27 wherein between 10 and 
1 5 80% of siliceous material is included in the cementitious article. 

29. A formulation according to any one of Claims 1 8 to 28 wherein between 40 and 
65% of siliceous material is included in the cementitious article. 

30. A formulation according to any one of Claims 18 to 29 wherein between 10 and 
80% of cementitious material is included in the cementitious article. 

20 31. AformulationaccordingtoanyoneofClaimsl8to30 wherein between30and 

40% of cementitious material is included in the cementitious article. 

32. A formulation according to any one of Clauns 18 to 31 wherein up to 80% of 
low bulk density modifier is included in the cementitious article. 

33. A formulation according to any one of Claims 18 to 32 wherein up to 50% of 
low bulk density modifier is included in tiie cementitious article. 

34. A formulation according to any one of Claims 18 to 33 wherein cementitious 
article includes fibrous material capable of producing a fibre reinforced product. 

35. A formulation for producing a shaped cementitious article having a reduced 
respirable size silica particle content, said formulation comprising a 

30 cementitious material, a siliceous material and a low bulk density material being 

substantially calcium silicate hydrate. 



25 
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36. A formulation according to Claim 35 wherein the article has a density between 
1.2 and 0.5 g/cm\ 

37. A formulation according to any one of Claim 35 or Claim 36 vAerein the low 
bulk density modifier has a bulk density between 0.06 and 0.6 g/cml 

5 38. A formulation according to any one of Claims 35 to 37 wherein the low bulk 
density modifier is produced by reacting sUiceous material with calcareous 
material in a ratio between 0.1 and 1.2. 
39. A formulation according to Claim 38 wherein the ratio of calcareous material to 

siliceous material is between 0.3 and 0.8. 
10 40. AformulationaccordingtoClaim38orClaim39whereinthereactionbetween 

the calcareous material and siUceous material is tenninated prior to complete 
conversion of the reactants to calcium silicate hydrate. 

41 . A formulation according to any one of Claims 38 to 40 wherein the reaction is 
conducted over a period of up to four hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

42. AformulationaccordingtoanyoneofClaims38to41 wherein the reaction is 
conducted over a period of up to two hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

43. A formulation according to any one of Claims 35 to 42 wherein the low density 
modifier includes one or more modifiers selected fiom the group consisting of 
fly ash. hollow fly ash. hollow ceramic spheres, perlite, vermiculite, polystyrene 
and chemical or mechanical gas entrainment 

44. A formulation according to any one of Claims 35 to 43 wherein between 10 and 
80% of siliceous material is included in the cementitious article. 

25 45. A formulation according to any one ofClaims 35 to 44 wherein between 40 and 

65% of siliceous material is included in the cementitious article. 

46. A formulation according to any one ofClaims 35 to 45 wherein between 10 and 
80% of cementitious material is included in the cementitious article. 

47. A formulation according to any one of Claims 35 to 46 wherein between 30 and 
30 40% of cementitious material is included in the cementitious article. 



15 
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48. A formulation according to any one of Claims 35 to 47 wherein up to 80% of 
low bulk density modifier is included in the cementitious article. 

49. A formulation according to any one of Claims 35 to 48 wherein up to 50% of 
low bulk density modifier is included in the cementitious article. 

5 50. A formulation according to any one ofClaims 35 to 49 wherein cementitious 

article includes fibrous material capable of producing a fibre reinforced product. 

51 . A formulation for producing a shaped cementitious article having a low 
propensity to release airborne rcspiiable silica, said formulation comprising a 
cementitious material, a siliceous material and a low bulk density material being 

10 substantially calcium silicate hydrate. 

52. A formulation according to Claim 51 wherein the article has a density between 

1.2 and 0.5 g/cm\ 

53. A formulation according to any one of Claim 51 or Claim 52 wherein tiie low 
bulk density modifier has a bulk density between 0.06 and 0.6 g/cm^ 
A fonnulation according to any one of Claims 5 1 to 53 wherein the low bulk 
density modifier is produced by reacting siliceous material witii calcareous 
material in a ratio between O.l and 1.2. 

A formulation according to Claim 54 wherein tiie ratio of calcareous material to 

siliceous material is between 0.3 and 0.8. 
20 56. AformulationaccordingtoClaim54orClaim55whereintiiereactionbetween 

the calcareous material and siliceous material is terminated prior to complete 
conversion of the reactants to calcium silicate hydrate. 

57. A fonnulation according to any one ofClaims 54 to 56 wherein tiie reaction is 
conducted over a period of up to four hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

58. A fonnulation according to any one of Claims 54 to 57 wherein tiie reaction is 
conducted over a period of up to two hours such as at least 80% of tiie 
calcareous reactant material is converted to calcium silicate hydrate. 

59. A fonnulation according to any one ofClaims 54 to 58 wherein tiie low density 
modifier includes one or more modifiers selected fix)m tiie group consisting of 



15 54. 



55. 
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fly ash, hollow fly ash, hollow ceramic spheres, perlite, vermiculite, polystyrene 
and chemical or mechanical gas entraiiunoit. 
60. A formulation according to any one of Claims 51 to 59 wherein between 10 and 
80% of siliceous material is included in the cementitious article. 
5 61 . A formulation according to any one of Claims 51 to 60 wherein between 40 and 
65% of siUceous material is included in the cementitious article. 

62. A formulation according to any one of Claims 51 to 61 wherein between 10 and 
80% of cementitious material is included in the cementitious article. 

63. A formulation according to any one of Claims 51 to 62 wherein between 30 and 
10 40% of cementitious material is included in the cementitious article. 

64. A formulation according to any one of Claims 5 1 to 63 wherein up to 80% of 
low bulk density modifier is included in the cementitious article. 

65. A formulation according to any one of Claims 51 to 64 wherein up to 50% of 
low bulk density modifier is included in the cementitious article. 

15 66. A formulation according to any one of Claims 51 to 65 wherein cementitious 

article includes fibrous material capable of producing a fibre reinforced product 

67. A method for producing a cementitious article having a reduced respirable size 
alica particle content, said method comprising preparing an aqueous slurry with 
a cementitious material, a siliceous material and a low bulk density modifier in a 

20 quantity sufficient to provide tiie resultant article witii a density lower than 1.2 

g/cm^ forming a green shaped article and curing tiie green shaped article. 

68. A metiiod according to Claim 67 wherein tiie article has a density between 1 .2 
and 0.5 g/cm^ 

69. A metiiod according to Claim 67 or Claim 68 wherein tiie low bulk density 
25 modifier is substantially pre-reacted calcium siUcate hydrate. 

70. A method according to any one of Claims 67 to 69 wherein tiie low bulk density 
modifier has a bulk density between 0.06 and 0.6 g/cm^ 

71 . A metiiod according to any one of Claims 67 to 70 wherein the low bulk density 
modifier is produced by reacting siliceous material witii calcareous material in a 

30 ratio between 0. 1 and 1 .2. 
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72. A method according to any Claim 71 whwein the ratio of calcareous material to 
siliceous material is between 0.3 and 0.8. 

73. A method according to Claim 7 1 or Claim 72 wherein the reaction between the 
calcareous material and siliceous material is terminated prior to complete 
conversion of the reactants to calcium silicate hydrate. 

74. A method according to any one of Claims 71 to 73 wherein the reaction is 
conducted over a period of up to four hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

75. A method according to any one of Claims 71 to 74 wherdn the reaction is 
conducted over a period of up to two hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

76. A method according to any one of Clauns 67 to 75 wherein the low density 
modifier includes one or more modifiers selected fiom the group consisting of 
fly ash, hollow fly ash, hollow ceramic spheres, periite, vermiculite. polystyrene 
and chemical or mechanical gas entrainment 

77. A method according to any one of Claims 67 to 76 wherein between 10 and 80% 
of siliceous material is included in the cementitious article. 

78. A method according to any one of Claims 67 to 77 wherein between 40 and 65% 
of siliceous material is included in the cementitious article. 

79. A method according to any one of Claims 67 to 78 wherein between 10 and 80% 
of cementitious material is included in flie cementitious article. 

80. A method according to any one of Claims 67 to 79 wherein between 30 and 40% 
of cementitious material is included in the cementitious article. 

81. A method according to any one of Claims 67 to 80 wherein up to 80% of low 
bulk density modifier is included in the cementitious article. 

82. A method according to any one of Claims 67 to 8 1 wherein up to 50% of low 
bulk density modifier is mcluded in the cementitious article. 

83. A method according to any one of Claims 67 to 82 wherein said cementitious 
article includes fibrous material capable of producing a fibre remforced product. 
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84. A method according to any one of Claims 67 to 83 wherein said green shaped 
article is formed by extrusion, Hatschek. Magnani. Fourdrenier, fitter pressing, 
form pressing, slip forming or the like. 

85. A method for producing a cementitious article having a low propensity to 

5 release airborne respirable silica, said method comprising preparing an aqueous 

slurry with a cementitious material, a siliceous material and a low bulk density 
modifier in a quantity sufficient to provide the resultant article with a density 
lower than 1 .2 g/cm', forming a green sh^ed article and curing the green 
shaped article. 

10 86. A method according to Claim 85 whereinthe article has a density between 1.2 
and 0.5 g/cm^. 

87. A method according to Claim 85 or Claim 86 wherein the low bulk density 
modifier is substantially pre-reacted calcium silicate hydrate. 

88. A method according to any one of Claims 85 to 87 wherem the low bulk density 
modifier has a bulk density between 0.06 and 0.6 g/cm'. 

89. A method according to any one of Claims 85 to 88 wherein the low bulk density 
modifier is produced by reacting siliceous material witii calcareous material in a 
ratio between 0.1 and 1.2. 

90. A metiiod according to Claim 89 wherein the ratio of calcareous material to 
20 siliceous material is between 0.3 and 0.8. 

91 . A metiiod according to Claim 89 or Claim 90 wherein tiie reaction between tiie 
calcareous material and sUiceous material is terminated prior to complete 
conversion of tiie reactants to calcium silicate hydrate. 

92. A method according to any one of Claims 89 to 91 wherein the reaction is 
25 conducted over a period of up to four hours such as at least 80% of the 

calcareous reactant material is converted to calcium silicate hydrate. 

93. A metiiod according to any one of Claims 89 to 92 wherein tiie reaction is 
conducted over a period of up to two hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

30 94. AmethodaccordingtoanyoneofClaims85to93whereintiielowdensity 

modifier includes one or more modifiers selected firom tiie group consisting of 



15 



wo 00/21901 



PCT/AU99/0087S 



-23- 

fly ash, hollow fly hollow ceramic sphaes, perlite, vermiculite, polystyrene 
and chemical or mechanical gas aitrainment 
95. A method according to any one of Claims 85 to 94 wherein between 10 and 80% 
of siliceous material is included in the cementitious article. 
5 96. A method according to any one of Claims 85 to 95 wherein between 40 and 65% 
of siliceous material is included in the cementitious article. 

97. A method according to any one of Claims 85 to 96 wherein between 10 and 80% 
of cementitious material is included in the cementitious article. 

98. A method according to any one of Claims 85 to 97 wherein between 30 and 40% 
10 of cementitious material is included in the cementitious article. 

99. A method according to any one of Claims 85 to 98 wherein up to 80% of low 
bulk density modifier is included in the cementitious article. 

100. A method according to any one of Claims 85 to 99 wherein up to 50% of low 
bulk density modifier is included in the cementitious article. 

15 101. A method according to any one of Claims 85 to 100 wherein said cementitious 
article includes fibrous material capable of producing a fibre reinforced product. 
102. A metiiod according to any one of Claims 85 to 101 wherein said green shaped 
article is fonned by extnision. Hatschek, Magnani. Fourdrenier. filter pressing, 
form pressing, slip forming or the like. 

20 103. A metiiod of producing a cementitious article having a reduced respirable size 
silica particle content comprising preparing an aqueous sluny of a cementitious 
material, a siliceous material and a low bulk density material which is 
substantially calcium silicate hydrate, fonning a green shaped article and curing 
the green shaped article. 

25 104. A method according to Claim 103 wherein tiie article has a density between 1.2 

and 0.5 g/cm^. 

105. A metiiod according to any Claim 103 or Claim 104 wherein tiie low bulk 
density modifier has a bulk density between 0.06 and 0.6 g/cml 

106. A method according to any one of Claims 1 03 to 1 05 wherein tiie low bulk 
30 density modifier is produced by reacting sUiceous material witii calcareous 

materia] in a ratio between 0. 1 and 1 .2. 
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107. A method according to any Claim 106 wherein the ratio of calcareous material 
to siliceous material is between 0.3 and 0.8. 

108. A method according to Claim 106 or Claim 107 wherein the reaction between 
the calcareous material and siliceous material is terminated prior to complete 
conversion of the reactants to calcium silicate hydrate. 

109. A method according to any one of Claims 106 to 108 wherein the reaction is 
conducted over a period of up to four hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

1 10. A method according to any one of Claims 106 to 109 wherein the reaction is 
conducted over a period of up to two hours such as at least 80% of the 
calcareous reactant material is converted to calcwm silicate hydrate. 

111. A method according to any one of Claims 103 to 110 wherein the low density 
modifier includes one or more modifiers selected from the group consisting of 
fly ash. hollow fly ash, hollow ceramic spheres, perlite. vermiculite, polystyrene 

i and chemical or mechanical gas entrainment. 

1 12. A method according to any one of Claims 103 to 1 1 1 wherein between 10 and 
80% of siliceous material is included in the cementitious article. 

1 13. A method according to any one of Claims 103 to 1 12 wherein between 40 and 
65% of siliceous material is included in the cementitious article. 

) 1 14. A method according to any one of Claims 103 to 1 13 wherein between 10 and 
80% of cementitious material is included in the cementitious article. 

1 15. A method according to any one of Claims 103 to 1 14 wherein between 30 and 
40% of cementitious material is included in the cementitious article. 

116. A method according to any one of Claims 103 to 115 wherein up to 80% of low 
5 bulk density modifier is included in the cementitious article. 

1 17. A method according to any one of Claims 1 03 to 1 16 wherein up to 50% oflow 
bulk density modifier is included in the cementitious article. 

1 18. A method according to any one of Claims 103 to 117 wherein said cementitious 
article includes fibrous material capable of producing a fibre reinforced product. 
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1 19. A mefliod according to any one of Claims 103 to 1 18 wherein said green shaped 
article is formed by extrusion, Hatschek, Magnani, Fourdrenier, filtorpressii^, 
form pressing, slip forming or the like. 

120. A method of producing a cementitious article having a low propensity to release 
5 airborne respirable silica comprising preparing an aqueous slurry of a 

cementitious material, a siliceous material and a low bulk density material which 
is substantially calcium silicate hydrate, forming a green shaped article and 
curirig the green shaped article. 

121. A method according to Claim 120 wherein the article has a density between 1 .2 
10 and0.5g/cm\ 

122. A method according to any Claim 120 or Claim 121 wherein the low bulk 
density modifier has a bulk density between 0.06 and 0.6 g/cm'. 

123. A method according to any one of Claims 120 to 122 wherein the low bulk 
density modifier is produced by reacting siUceous material with calcareous 

1 5 material in a ratio between 0. 1 and 1 .2. 

124. A method according to any Claim 123 wherein the ratio of calcareous material 
to siliceous material is between 0.3 and 0.8. 

125. A method according to Claim 123 or Claim 124 wherein the reaction between 
the calcareous material and siliceous material is terminated prior to complete 

20 conversion of die reactants to calcium siUcate hydrate. 

126. A method according to any one of Claims 123 to 125 wheiem the reaction is 
conducted over a period of up to four hours such as at least 80% of the 
calcareous reactant material is converted to calcium silicate hydrate. 

127. A method according to any one of Claims 123 to 126 wherein the reaction is 
25 conducted over a period of up to two hours such as at least 80% of the 

calcareous reactant material is converted to calcium siUcate hydrate. 

128. A method according to any one of Claims 120 to 127 wherein the low density 
modifier includes one or more modifiers selected firom the group consisting of 
fly ash, hollow fly ash, hollow ceramic spheres, perlite, vermicuUte, polystyrene 

30 and chemical or medianical gas entrainment. 
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129. A method according to any one of Claims 120 to 128 vAierein between 10 and 
80% of siliceous material is included in the cementitious article. 

130. A method according to any one of Claims 120 to 129 wherein between 40 and 
65% of siliceous material is included in the cementitious article. 

131. A method according to any one of Claims 120 to 130 wherein between 10 and 
80% of cementitious material is included in the cementitious article. 

132. A method according to any one of Claims 120 to 13 1 wherein between 30 and 
40% of cementitious material is included in the cemmtitious article. 

133. A method according to any one of Claims 120 to 132 wherem up to 80% of low 
bulk density modifier is mcluded in the cementitious article. 

134. A method according to any one of Claims 120 to 133 wherein up to 50% of low 
bulk density modifier is included in the canentitious article. 

135. A method according to any one of Claims 120 to 134 wherein said cementitious 
article includes fibrous material capable of producing a fibre reinforced product. 

136. A method according to any one of Claims 120 to 135 wherein said green shaped 
article is formed by extrusion, Hatschek, Magnani, Fourdrenier, filter pressmg, 
form pressing, slip forming or the like. 

137. A formulation for producing a shaped cementitious article having a reduced 
respiiable size silica particle content substantially as herein described. 

1 38. A formulation for producing a shaped cementitious article having a low 
propensity to release airborne respirable siUca substantially as herein described. 

1 39. A metiiod for producing a shaped cementitious article having a reduced 
respirable size silica particle content substantially as herem described. 

140. A method for producing a shaped cementitious article having a low propensity 
to release airborne respirable silica substantially as herein described. 
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